D iabetes mellitus is a major risk factor for cardiovascular morbidity and mortality. The burden of cardiovascular disease associated with this condition will increase dramatically, because the prevalence of diabetes is estimated to double by the year 2025. 1 Diabetic patients suffer increased mortality in the setting of ST-segment-elevation myocardial infarction (MI) 2,3 and non-ST-segment-elevation acute coronary syndromes (ACS). 4
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In vitro and ex vivo data suggest that diabetes may be associated with increased platelet aggregation. 5, 6 The clinical relevance of these observations, however, remains unclear. To investigate whether diabetic patients with ACS derive particular benefit from platelet glycoprotein (GP) IIb/IIIa receptor inhibition, we performed a meta-analysis of the diabetic populations within all large-scale placebo-controlled randomized trials.
Methods

Trial Selection
Six randomized, double-blind, placebo-controlled trials of intravenous platelet GP IIb/IIIa antagonists evaluating the medical management of ACS in the absence of ST-segment elevation were identified through a MEDLINE search. Records between 1990 and 2001 were searched for the words "platelet," "intravenous," "unstable angina," "random ‡," and "inhibit ‡ or block ‡," where ‡ was a wild card. Trials were included if the total number of patients exceeded 1000 and the duration of clinical follow-up was Ն30 days. Data from trials presented at major cardiology meetings were also considered. Six trials testing 4 different agents were identified and included in the analysis. In all the trials, patients received aspirin.
For the purpose of this analysis, patients were assigned to the diabetic or nondiabetic subgroup on the basis of the presence or absence of a history of diabetes mellitus at study enrollment, as identified by the study investigators in the case report forms. The assignment was validated by review of the source documents by the study monitors.
The Platelet Receptor Inhibition in Ischemic Syndrome Management (PRISM) trial 7 randomized 3232 patients to either tirofiban (0.6 g · kg Ϫ1 · min Ϫ1 for 30 minutes followed by a 0.15-g · kg Ϫ1 · min Ϫ1 infusion) or unfractionated heparin for 48 hours. Invasive assessment was discouraged within the first 48 hours of randomization. If percutaneous coronary intervention (PCI) was performed, it was recommended that the study drug be discontinued. The primary end point was death, MI, or refractory ischemia at 48 hours. Patients were followed up for 30 days in a predefined exploratory analysis. The trial enrolled 687 diabetic patients (21% of the total population).
The Platelet Receptor Inhibition in Ischemic Syndrome Management in Patients Limited by Unstable Signs and Symptoms (PRISM-PLUS) trial 8 randomized 1915 patients to either tirofiban (0.6 g · kg Ϫ1 · min Ϫ1 for 30 minutes and 0.15-g · kg Ϫ1 · min Ϫ1 infusion), tirofiban (0.4 g · kg Ϫ1 · min Ϫ1 for 30 minutes and 0.1-g · kg Ϫ1 · min Ϫ1 infusion) with heparin, or unfractionated heparin alone, for a duration of Ն48 hours. The arm of the study not including heparin (nϭ345) was discontinued before completion of the trials and was not included in this analysis. Invasive assessment was deferred for the first 48 hours. In patients undergoing early PCI, the study drug was continued for 12 to 24 hours after intervention. The primary end point was the composite of death, MI, and refractory ischemia at 7 days. A total of 362 patients (23% of the studied population) had diabetes.
The Platelet IIb/IIIa Antagonism for the Reduction of Acute Coronary Syndrome Events in a Global Organization Network (PARAGON) A trial 9 randomized 2282 patients to lamifiban 300 g bolus followed by a 1.0-g/min infusion or 750 g bolus followed by a 5.0-g/min infusion or placebo for 3 to 5 days. All patients in the placebo arm received heparin, whereas by factorial design, heparin therapy was randomized among patients receiving lamifiban. Invasive assessment was discouraged. In patients undergoing early PCI, the study drug was continued for an additional 12 to 24 hours. The primary end point was a composite of death or MI at 30 days. The trial enrolled 412 diabetics (18%).
The PARAGON B trial 10 randomized 5225 patients to lamifiban 500 g bolus followed by an infusion (1.0 to 2.0 g/min) adjusted for estimated renal function for 72 hours or until discharge, or placebo. All patients received heparin. Coronary angiography and revascularization were performed according to local standards of practice. In patients undergoing early PCI, the study infusion was continued for an additional 18 to 48 hours. The primary end point was death, MI, or severe recurrent ischemia at 30 days. A total of 1157 patients (22%) had diabetes.
Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) 11 randomized 10948 patients to eptifibatide 180 g/kg bolus followed by a 1.3-g · kg Ϫ1 · min Ϫ1 infusion, or bolus and 2.0 g · kg Ϫ1 · min Ϫ1 infusion, or placebo for up to 72 hours. Adjunctive unfractionated heparin was encouraged but not required. The protocol mandated the discontinuation of the lower-dose arm after documentation of an acceptable safety profile of the higher dose in the interim analysis. Accordingly, the patients randomized to either placebo or higher-dose eptifibatide were included in this analysis (nϭ9461). Among them, 2163 patients (23%) had diabetes. Coronary angiography and revascularization were performed at the discretion of the physician. In patients undergoing early PCI, the drug was continued for Ն24 hours. The primary end point was a composite of death or MI at 30 days.
The Global Utilization of Strategies To Open Occluded Coronary Arteries (GUSTO) IV 12 trial randomized 7800 patients to either abciximab 0.25 g/kg bolus followed by a 0.125-g · kg Ϫ1 · min Ϫ1 (maximum 10 g/min) infusion for 24 hours, bolus and infusion for 48 hours, or placebo. All patients received either heparin or lowmolecular-weight heparin. Early invasive assessment was strongly discouraged. The primary end point was death or MI at 30 days. The trial enrolled 1677 patients with diabetes (21%). For the purpose of this analysis, the 24-hour-infusion and 48-hour-infusion groups were pooled.
End Points and Statistical Analysis
Death and death or nonfatal MI were assessed at 30 days on the basis of an intention-to-treat analysis. The enzyme definitions of MI were creatine kinase (CK) or CK-MB greater than the upper limit of normal (ULN) in PURSUIT; CK or CK-MB Ͼ2ϫ ULN in PRISM, PRISM-PLUS, PARAGON A, and PARAGON B; and CK-MB Ͼ3ϫ ULN in GUSTO IV. In addition, PRISM-PLUS, PARAGON B, and PURSUIT defined MI after PCI as CK or CK-MB Ͼ3ϫ ULN. ORs and corresponding 95% CIs were calculated for individual study populations. The Mantel-Haenszel statistic (SAS 6.12, SAS Institute Inc) was used to test the significance of treatment effect within each study. Heterogeneity of the ORs across the trials was examined with the Breslow-Day statistic. If the resulting P value was nonsignificant, individual event rates were weighted and pooled. A Pearson 2 test was applied to the pooled event rates to assess overall significance of treatment effects. A value of PϽ0.05 was considered statistically significant. Logistic regression modeling assessed the interaction of diabetic status with treatment as follows: Log oddsϭ␣ϩ␤ 1ϫ X 1 ϩ␤ 2ϫ X 2 ϩ␤ 3ϫ X 3 , where X 1 is GP IIb/IIIa inhibitor treatment versus placebo, X 2 is diabetic status (yes/no), and X 3 is interaction between treatment and diabetic status. Two-sided, 95% likelihood ratio CIs were constructed, and an ␣-level of 0.05 was used to declare statistical significance of the interaction term.
Results
The meta-analysis involved a total of 6458 diabetic patients with non-ST-segment-elevation ACS, corresponding to 22% of the enrolled population. Platelet GP IIb/IIIa inhibition was associated with a significant reduction of the aggregate 30-day mortality in diabetic patients, from 6.2% to 4.6% (OR 0.74; 95% CI 0.59 to 0.92; Pϭ0.007) (Figure 1 ). Within the individual trials, mortality was significantly reduced in GUSTO IV (OR 0.62; Pϭ0.022). The greatest survival benefit was observed in PRISM (OR 0.42), although it did not reach statistical significance (Pϭ0.07). In contrast, among 23 072 nondiabetic patients, platelet GP IIb/IIIa inhibition conferred no survival benefit (3.0% versus 3.0%) ( Figure 2) .
Logistic regression analysis demonstrated that the interaction between diabetic status and treatment was significant with respect to 30-day mortality (adjusted OR 0.75; Pϭ0.036; Figure 3 ). Diabetic patients had a significantly higher 30-day mortality (adjusted OR 2.05; PϽ0.0001). Treatment was not associated with survival benefit in the overall ACS population (adjusted OR 1.01; Pϭ0.85).
The most marked benefit from active therapy was documented in 1279 diabetic patients undergoing PCI during the index hospitalization (20% of the diabetic population). The pooled mortality was 1.2% in patients randomized to active treatment versus 4.0% in patients who received placebo (OR 0.30; 95% CI 0.14 to 0.69; Pϭ0.002) (Figure 4 ). The lack of heterogeneity of treatment effect across the trials with respect to mortality was demonstrated with Breslow-Day statistics for all the analyses (probability values reported in the figures).
Platelet GP IIb/IIIa inhibition was also associated with a reduction in the composite of death or MI at 30 days in diabetics, reaching statistical significance in PRISM (OR 0.50; Pϭ0.038) and PRISM-PLUS (OR 0.27; Pϭ0.001).
Pooling of the ORs led to a statistically significant reduction in the combined end point. Because the Breslow-Day analysis demonstrated heterogeneity (Pϭ0.024), however, the pooled results were not reported ( Figure 5 ). In diabetic patients undergoing PCI, active therapy was associated with a significant reduction of death or MI at 30 days, from 15.8% to 9.9% (OR 0.58; 95% CI 0.41 to 0.82; Pϭ0.002), in the absence of heterogeneity.
GP IIb/IIIa receptor inhibition was associated with similar proportionate reduction in mortality for patients treated with insulin and those on diet or oral hypoglycemic drugs. Ac-cordingly, mortality was reduced from 6.9% to 5.2% (OR 0.74; Pϭ0.14) among 1799 patients on insulin and from 5.8% to 4.3% (OR 0.74; Pϭ0.028) among 4551 diabetics on diet or oral hypoglycemic drugs.
Discussion
The burden of cardiovascular morbidity and mortality associated with diabetes is substantial and is likely to steadily increase, because the prevalence of diabetes is estimated to double during the first quarter of the 21st century. 1 Despite control for other risk factors, individuals with diabetes have a 3-to 5-fold greater risk of developing coronary artery disease than nondiabetics. 13 In addition, coronary artery disease associated with diabetes has a more aggressive course. Accordingly, diabetic patients with no history of heart disease have the same risk for cardiovascular death as nondiabetics with a history of MI. 14 In addition, up to 75% of individuals with diabetes will ultimately die of coronary artery disease, 13 and up to 33% of patients with insulin-dependent disease will die by the age of 50 years. 15 Diabetic patients have increased mortality in the setting of both ST-segment-elevation MI 2,3 and non-ST-segmentelevation ACS. 4 In vitro and ex vivo studies have demonstrated that diabetic patients have increased platelet aggrega- tion, 5, 6, 16 although the mechanisms remain unclear. One putative pathway is the oxidation of amino groups by glucose, which ultimately results in the formation of advanced glycation end products. 17 Glycation end products have been shown to enhance the aggregation of human platelets in vitro. 18 In addition, diabetics have larger platelets, 19 an increased number of GP IIb/IIIa receptors on each platelet, 20 and an increased population of activated circulating platelets, 20 expressing, among other substances, P-selectin and thrombospondin. 21 These adhesion molecules mediate plateletleukocyte interactions and therefore are potential triggers of inflammatory response and thrombosis. 22 In addition, the metabolic constellation typical of type 2 diabetes, including hyperglycemia, hypertriglyceridemia, and hyperinsulinemia, has been associated with impaired fibrinolysis. 23 The clinical relevance of these observations, however, remains unclear. Despite baseline increased platelet aggregation, administration of the platelet GP IIb/IIIa inhibitor abciximab led to the same degree of platelet inhibition in diabetics and nondiabetics. 24 From a clinical perspective, encouraging data came from PRISM-PLUS, which demonstrated a significant reduction in death or MI at 30 days associated with the platelet GP IIb/IIIa inhibitor tirofiban in 362 diabetic patients presenting with ACS. 25 Our analysis, comprising the entire large-scale clinical trial experience of intravenous platelet GP IIb/IIIa inhibitors for the medical management of ACS, demonstrates that these agents significantly reduce mortality at 30 days among diabetic patients. This translates to 1 life saved for every 63 patients treated. The consistency of the survival benefit for diabetics is supported by the lack of heterogeneity of ORs across the trials. Furthermore, the significant interaction between diabetes status and platelet GP IIb/IIIa treatment strongly suggests an independent link between the disease and therapeutic effect. The most marked survival advantage conferred by platelet GP IIb/IIIa inhibitors is observed in diabetic patients undergoing PCI during index hospitalization. This translates to 1 life saved for every 36 patients revascularized percutaneously.
It remains speculative whether the increased platelet aggregation described in diabetic patients is related to the survival advantage observed in our analysis. Other than aspirin, 26, 27 no antithrombotic therapy or revascularization strategy has been associated with a survival benefit in non-ST-segment-elevation ACS. Previous analyses have shown that abciximab reduced mortality in all patients undergoing coronary stenting, and particularly in diabetics. The 1-year follow-up of EPISTENT 28 reported a mortality reduction from 2.4% to 1.0% associated with abciximab in patients randomized to coronary stenting (Pϭ0.037). A pooled analysis of EPIC, EPILOG, and EPISTENT showed a mortality reduction from 4.5% to 2.5% (Pϭ0.031) at 1 year in diabetic patients undergoing PCI. 29 Importantly, our data expand these observations to the field of ACS and to other platelet GP IIb/IIIa inhibitors. The weight of evidence that this meta-analysis adds to the existing literature is outlined by the large number of patients and events (339 deaths) involved.
The lack of mortality reduction seen in nondiabetics should not lead to the conclusion that GP IIb/IIIa receptor inhibitor use in the medical management of non-ST-segment-elevation ACS should be limited to diabetic patients. Other subgroups, such as patients presenting with troponin elevation, have been shown to derive particular benefit from these agents in some, 30, 31 albeit not all, 12 trials. Future research should be devoted to identifying other subgroups of ACS patients who may derive greater benefit from these potent and efficacious drugs.
Limitations
Inherent to all meta-analyses, the included trials differed in design, inclusion criteria, therapeutic agents, regimens, and access to percutaneous revascularization, among others. The Breslow-Day test, however, which provides information about the validity of pooling the results from different trials, failed to demonstrate significant heterogeneity among treatment effects with respect to mortality reduction. The enzyme definition of MI was not uniform across the trials, and we cannot exclude the possibility that different cutoff points for enzyme elevation may have influenced the incidence of events and possibly the extent of therapeutic benefit. Despite that, the end-point definitions of the trials were respected so as to consider only adjudicated events. Of note, in PRISM, the primary end points were assessed at 48 hours and in PRISM-PLUS, at 7 days. In both trials, however, all 30-day events were adjudicated.
Finally, our report carries the limitations of subgroup analysis. Accordingly, the clinical trials addressed were not designed to evaluate treatment in diabetic patients. The present study represents a univariate analysis, focusing on diabetes, and should therefore be considered as exploratory. In addition, because the revascularization strategy was not randomized, the survival advantage associated with platelet GP IIb/IIIa inhibitors in patients undergoing PCI may have been influenced by selection bias. Therefore, this finding should be considered hypothesis-generating, and it requires independent validation.
Conclusions
This meta-analysis, including the entire large-scale trial experience of intravenous platelet GP IIb/IIIa inhibitors in the medical management of non-ST-segment-elevation ACS, demonstrates that these agents may significantly reduce mortality at 30 days among diabetic patients. Although not based on a randomized assessment, the survival advantage appears to be particularly marked in patients undergoing PCI. Therefore, the use of platelet GP IIb/IIIa inhibitors should be strongly considered in diabetic patients with ACS.
